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Abstract 
Many projects have to live with high uncertainty because of stakeholders with different demands to the project 
objectives, project owners who change their mind in the middle of the execution phase and changes in the market 
or in regulations from the government. Dealing with uncertainty must therefore be an ongoing process and will 
require a change in focus during the project life cycle. The traditional approach of looking towards the project 
objective and stick to the plan will be difficult for projects with long timespan and high uncertainty. We will 
present a framework for projects that have high uncertainty over the project's life cycle. We suggest a framework 
for uncertainty management consisting of 2 steps for preparing the process, a 5 step group process for identifying, 
analysing and developing measures for exploiting or controlling the uncertainty and 2 steps for follow up the 
uncertainty over the project life cycle. This paper has four parts. Firstly, rationality and methodology are presented. 
In the second part we outline some of the theory, in part three is the nine step framework for identifying, analysing 
and managing uncertainty described (how). And finally, we present our conclusion and wind up the main ideas that 
we have presented. 
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1. Introduction 
Uncertainty management in projects has primarily been based on isolated uncertainty analyses. The analyses 
have been carried out sequentially, where analyses and follow up are done, but there are often quite a long time 
between the analyses. The questions based on "The Six W's" have been central in uncertainty management. The 
drawback by using this method to manage uncertainty is that it gives you only individual snapshots in time for the 
project. The authors see a need for an overall method for uncertainty management throughout a project's life cycle. 
Many years of research on this topic have made the authors able to present a nine step framework for uncertainty 
management, beyond "The Six W's" Chapman&Ward (2003), presented in this paper.Uncertainty is said to be a 
two sided coin – threats and opportunities.  However, when it comes to uncertainty in practice, there is a significant 
focus on dealing with threats and less focus on the opportunities. We believe that it's almost impossible to foresee 
or imagine all potential uncertainties (threats and opportunities) that may occur in a project with a long time span 
(more than 3 year). This means that a project needs to repeat the uncertainty analyzing processes two to three times 
annually if they want to have proper control of the uncertainty.  
2. Method and research design 
The framework and methods outlined in this paper has been developed as a part of a big research project that has 
special focus on uncertainty analysis and uncertainty management "Practical uncertainty management in the project 
owner perspective" – in short, the PUS-project (2005-2010). The framework that we present correspond to a certain 
extent to the ATOM framework developed by Hillson and Simon (2012) in UK. When we started the PUS project 
we didn't know about Hillsons et al. work on developing the ATOM model, and we had no cross-border 
cooperation with them when we developed our model. In the PUS project different research approaches were used. 
Literature studies have been conducted covering different areas of relevance (see for instance (Torp&Johansen, 
2002) and (Torp, Karlsen, & Johansen, 2008)), there have been several surveys, action research has been carried 
out in a number of projects, trailing research in others, and also in-depth interviews and discussions with experts. 
Some of the case studies are also of a longitudinal and qualitative nature, where the authors have been involved as 
researchers and process contributors repeatedly in all the cases, and in a large number of other industrial and 
governmental projects. The above description points out that this research endeavor includes quantitative, 
qualitative and mixed methods. This compound research basis means that we do not refer to just one dataset as the 
basis for our results and conclusions. Because of the page limitation  conference format calls for we will limit the 
paper to a short introduction of the framework and some of the tools that plays a key role in analyzing and 
managing uncertainty in big and complex projects. For more detailed papers on uncertainty analysis and 
uncertainty management we recommend the PUS projects homepage (www.nsp.ntnu.no/PUS).  
Developing and testing of the methods presented in this paper was done together with participants from the PUS 
project and the research approach was an action research approach. The researchers took an active role in the 
development and testing of the methods, tools and techniques that was developed. The basis for the writing process 
of this paper has been discussions and analysis of the joint experiences and individual findings in developing the 
framework that we present in this paper. This paper is therefore a product of a collective reflection of our 
experience and knowledge. The research is qualitative in the sense that we do not use any quantitative or statistical 
evidence or methods in our approach in this paper. 
3. Uncertainty in projects 
Uncertainty is often said to have its root cause in lack of available information, available knowledge or 
competence ((Christensen & Kreiner, 1991)). In a project context, uncertainty management has traditionally been 
synonymous with risk management (Hillson, 2012). Uncertainty can be positive or negative; positive as 
opportunities and negative as threats (Loch, De Meyer, & Pich, 2006; Perminova, Gustafsson, & Wikström, 2008). 
Some use the term risk management to denote exclusively managing threats, while others consider risk 
management as an umbrella term for describing the management of both threats and opportunities (Hillson, 2004). 
Traditionally, both project literature and project practice have focused considerably on identifying, evaluating and 
managing threats – or, as some call it, risks (e.g. Simister (2004) or Ward and Chapman (2004)). Over the last 
decade, there has gradually been a stronger focus on how to manage the opportunities facing the project. Ward and 
Chapman (2004) introduced the term uncertainty management to be used in preference to the terms of risk 
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management and opportunity management. Supported by Hillson (2004), they promoted the idea of focusing on 
exploiting opportunities as well as mitigating risks. In this paper, we adopt the term uncertainty to include both the 
positive effects (opportunities) and the negative effects (threats). When our discussion touches upon others' 
definitions, we will use the term that the corresponding authors adopt. Projects have traditionally strived towards 
predictability and to keep all critical factors under control. However, for large, complex projects such predictability 
is not the reality (Rolstadås, Hetland, Jergeas, & Westney, 2011). Major uncertainties play a large role in important 
areas. And especially under such conditions, it will not be a good strategy to strive for maximum predictability, but 
rather to choose a strategy of flexibility in the project, in order to be able to face changes (Olsson, 2007).  
Rolstadås et al. (2011) point out that it is a dilemma for decision makers that they have to make decisions based on 
very little information that is available in the early stage of the project. This dilemma is also described by Artto et 
al. (2011), and by Alessandri et al. (2004). In this regard, Rolstadås et al. (2011) describe the dilemmas of Capital 
Expenditure (CAPEX) predictability. The dilemma of CAPEX predictability consists of two important decisions: 
• On one hand, CAPEX decision-makers require (inter alia) a certain level of confidence in the prediction 
of how much the proposed production asset will cost as well as how long it will take to achieve the 
expected revenue stream. 
• On the other hand, CAPEX decision-makers must acknowledge the hard truth that, when all risks related 
to a project’s outcome are considered, this desired level of confidence may simply be unattainable. 
(Rolstadås, et al., 2011, pp. 2-3) 
This dilemma highlights the nature of uncertainty that project managers come across. In order to cope with this 
dilemma, they suggest that capital projects need a new concept to understand, embrace and exploit project risk, and 
they suggest what they call a new framework for risk management – “The Extended Project Risk Navigator”. 
Rolstadås et al. (2011) state that conventional project risk management may increase the predictability of project 
outcomes, but it tends to ignore the business value that may be added through the project execution phase. And, 
because of this weakness they claim that risk navigation should also be addressed at an executive level; in fact they 
claim that the risk management is an executive level responsibility, and that you cannot deal with this only at the 
project level (one project at a time) in the organization. According to Simister (2004 )the risk management process 
should be commenced as early as possible in a project life cycle, and the process has to be undertaken on an 
iterative basis since each assessment is a snapshot in time. This view is supported by (Rolstadås & Johansen, 
2008), (Johansen et al. 2012) and they suggest that the uncertainty found in a project can be of three different types 
Operational uncertainty (internal uncertainty), Strategic uncertainty (external uncertainty) and Contextual 
uncertainty (external uncertainty) and that the uncertainty can increase and decrease throughout the course of the 
project due to external uncertainties, see Fig. 1  
Fig. 1. Uncertainty during the course of projects - internal and external uncertainty 
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For example, competing projects in the market, market fluctuations and economic conditions could give rise to this 
“type 3” kind of uncertainty. Likewise, choice of social values such as those against counter-cyclical measures that 
were initiated by the governments in some countries during the financial crisis in late 2008 and 2009 can be a 
source of such uncertainty - both positive and negative, in terms of opportunities and threats. The uncertainty can 
increase and decrease throughout the course of the project due to external uncertainties, see Fig. 1. The uncertainty 
may rise and fall through the entire course of the project. When the project management makes its choices and 
clarifications, then they will experience that the uncertainty is reduced. But, since the project is a part of a larger 
whole, many projects experience that uncertainty may increase again if the parent organization makes new choices 
and priorities. It may also be a result from the society evolving and changing during project execution. Projects that 
have a long duration – i.e. three years or more– may experience that the conditions and requirements may change 
several times during the course of the project. The real uncertainty that the project has to deal with does not 
necessarily decline in a linear manner. And, it is not sufficient to handle only internal uncertainty, if the project 
wants to achieve success for the key stakeholders..
4. Practical uncertainty management – nine step framework for identifying, analyzing and managing 
uncertainty 
A project will normally deal with different types of decisions with different type of uncertainty over the 
planning phase and execution phase. In the beginning the focus is on selecting the best concept and clarifying the 
project objectives. When this is sorted out the focus shifts to how to deliver the chosen concept according to 
specification or contract. This means that project members or project consultants that is hired to deal with 
uncertainty management in the project needs to understand where the project are in the execution process and 
focusing the process on the specific uncertainties that is relevant for next 3 to 6 months of the project execution 
period. We therefore propose that a project needs to deal with uncertainty in all phase and we believe that most 
projects need to deal with different types of uncertainty in the different phases of project – se Fig. 2.  
Fig. 2. Uncertainty analyses (UA) over the project lifecycle 
Based on this we suggest a 9 step framework for identifying, analyzing and follow up the project uncertainty – 
step 1 and 2 for preparing the process, step 3-7 is a group process (workshop) for identifying, analyzing and 
developing measures for exploiting or controlling the uncertainty and the final steps 8-9 for follow up the 
uncertainty over the project life cycle. The purpose with the processes is four divided: 
1. Establish and update the project objectives and key stakeholders that "owns the objectives" 
2. Identify – evaluate and decide action on the opportunities   
3. Identify – evaluate and decide action on the threats  
4. Implement and follow-up the actions from the UA work shop.  
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4.1. When should the process be done? 
In a 3 to 5 year project we will recommend at least 5 to 8 uncertainty workshops over the project duration. The 
duration of the workshop will typically vary between 2 – 4 hours to 2 days depending on the size of the project and 
the subject/topic to be analyzed in the process. We suggest that the UA process needs to focus on uncertainty for 
the next 3 to 6 months ahead as well as the more overall uncertainty that is connected to the project objectives and 
benefit for the project owner (2th order consequences) and the society effects (3th order consequences) in this 
workshops. We suggest that follow up and reporting should be done every month and a more overall assessment of 
the uncertainty should be done at least once or twice per year. 
4.2. Who should participate in the group process? 
The typical stakeholders that participate in this UA workshop are: the project owner/sponsor, the project 
manager and his team, and the project consultants, and in some rear cases does the contractor and representatives 
for the end user participate as well. In large or more complex project this process is often led by a facilitator team 
consisting of a facilitator that "leads" the process and a person that takes care of the documentation of the process. 
The persons responsible for following up and control the effect of the action between the UA workshops are 
normally the project management team and the project owner representatives.  
4.3. Practical uncertainty management – step by step? 
The aforementioned nine step framework for identifying, analyzing and follow up the project uncertainty is 
illustrated in Fig. 4.  Steps 1-2 prepares the process, steps 3-7 identify and analyzes the uncertainties as well as 
decide on action. The final two steps are following up the uncertainties over the project life cycle. 
Fig. 3. Practical uncertainty management – 9 step framework 
4.4. Establishing the context – project objectives – key deliverables (Step 1) 
In most projects, people aim at making clear and unambiguous objectives in the planning phase. The reason for 
this is simple: you need to know where you shall end (your destination) before you start your journey towards your 
destination. However, it is important to understand that the objectives are less neutral and explicit when a project is 
started. The objectives will typically implicitly contain the intentions of what the project owner or society wants to 
achieve through the project within the time and cost limitation set by the owner. What specifically will be 
delivered in terms of result oriented goals or objectives will often have limited levels of detail, and are usually 
further refined and developed quite a long period into the planning phase. In addition, we often find that the 
objectives are perceived differently depending on the point of view that one has of the project. The project owner 
will often tend to be more concerned about the effect oriented goals and how well the project results can fit with a 
(carefully defined) business case. The project manager and the project team members, however, will focus more on 
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the result oriented goal and the key deliverables. And finally, future users will typically represent parts of the social 
perspective, and be concerned about whether the project delivers the parts of the functionality that they have 
requested. In addition, it appears that a project participant's interpretation and assessment of the actual formulation 
of the objectives clearly vary with whether the participant was involved in the development of the objectives or 
not. There is no contradiction between aiming for good and clear goals and acknowledging that the goals can be 
adjusted or changed over the course of a project. Project goals are uncertain; however, how one chooses to deal 
with uncertainties is a central issue when it comes to a project’s esteem and to its success. 
4.5. Stakeholder analysis – step by step (step 2) 
Several authors (Cooper et al (2005), Torp & Johansen (2004)) have suggested that stakeholders should be 
analyzed in the project startup. Cooper et al. (2005) stress that a stakeholder analysis should provide a document 
profile of the most important stakeholder's needs and concerns. "It involves considering the objectives of each 
stakeholder in relation to the requirement."  Hillson and Simon (2012) says that stakeholder analysis is the process 
of determine the degree of interest, influence, and attitude stakeholders have toward a particular project.  
(Johansen&Torp Nordnett(2004) suggest at 5 step approach for analyzing the project stakeholders . 
1. Identification – who are stakeholders/customer of the project deliverables? 
2. Grouping stakeholders in primary and secondary stakeholders – Who is most important? 
3. Role clarification – what sort of role do the stakeholder have in the project? 
4. Effect of the project – what effect does the project have on the stakeholder? 
5. Evaluation – How does the analysis impact further development in the project? 
Artto et al. (2011) describes dealing with stakeholders as a more ongoing process and emphasize managing 
stakeholder relationship as something that will go on from the beginning to the end of the project. Managing 
stakeholder relationships can be seen as a continuous and repetitive development that consists of, among others, 
the following subtasks: 
1. Identifying stakeholders 
2. Collecting information on stakeholders  
3. Identifying tasks and roles of stakeholders 
4. Understanding strengths and weaknesses of stakeholders 
5. Determining a stakeholder strategy 
6. Managing stakeholders - predicting the actions of stakeholders; and taking practical measures to manage 
stakeholders by affecting their attitudes and activities, and dealing directly or indirectly with the 
implications of their activities by, for example, communicating and using power in relations with them, 
adapting to their demands, negotiating and compromising with them, ignoring or buffering their demands, 
and building distance from or closer collaboration with them. 
4.6. Identifying the right opportunities and threats (steps 3-6) 
The word opportunity in projects can have several interpretations. One possible interpretation is that the project 
itself is the opportunity and the desired change or effect for the stakeholder is what we should consider an 
opportunity. Another way to look at it is that opportunities are all factors, variations or events that make the project 
objective better than originally planned. One could also say it's possible to talk about opportunities as some 
solutions that we didn't see in the beginning, something that just occurred, something positive that we could not 
foresee or something that is more or less out of our control but still positive or favourable or better compared to the 
original plan and or concept. The term threats is for most people easier to understand and relate to and it can be 
defined as factors, variations and events that may lead to undesired changes to the project objective, scope, 
resources, or frame conditions, that make the project cost more, spend more time or delivers Lower quality than 
that was agreed upon in the beginning of the project. When the uncertainty analyse session is about threats it is 
normally quite easy to get the participants too come up with events or factors that could go wrong or what they are 
worried about.  
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Based on this we suggest that opportunities need specially attention and suggest that the process always should 
start with identifying and analysing the opportunities and then deal with the potential threats.  To identify the 
opportunities and threats, brainstorming is a suitable technique. Other techniques as checklist of typical 
uncertainties, interviews of experts (Delphi method) and situation map are also possible to use in the first 
identifying round. The purpose of the exercise is to bring all the opportunities and threats up on the table so that 
they can be discussed and managed by the project. Round two of the workshop is about determining the potential 
positive or negative consequences for the owner of the project if the opportunities pay off or the threats 
occur/happen. In this part of the UA workshop the participants should try to briefly estimate the potential positive 
or negative effect for the owner or for the project in the execution phase. What is the potential saving or 
acceleration effect if the opportunity happens? What is the potential negative effect if the threat happens – cost 
consequence or delay? Then the participants should estimate the likelihood that the potential opportunity/threats 
will occur, in terms of ranges of likelihood– almost certain > 50 % , likely from 25 -50%,  possible 5- 25% , 
unlikely 1– 5 % , and rare <1 %.  In the process we recommend that the participants should spend as little time as 
possible debating likelihood and consequence of the potential opportunities and threats. The whole idea behind the 
exercises is to find the opportunities and threats that matter most in term of project success – this means finding the 
opportunities and threats with highest consequence and highest likelihood and then spends time together to find 
actions so that the most important uncertainties are dealt with in an effective way. 
4.7. Implement action – Uncertainty matrix and focus list – example's tools for managing uncertainty (Step 8) 
The end result of the process is a "top ten"–list of the most important quantitative and qualitative uncertainties.  
"Top ten" should have the 3 to 5 best opportunities and 5 to 8 most important threats for the upcoming 2 to 6 
months. The basis for the list appears by multiplying probabilities and consequences. The uncertainty with the 
highest number would be on top of the list. These opportunities and threats should be placed in an uncertainty 
matrix, as shown in Fig. 4, to illustrate which uncertainties needs special focus. We recommend letters for 
opportunities and numbers for threats to easily distinguish them. More than 29 opportunities are rare, but in large 
projects more than 50 threats are quite common.  
Fig. 4. Uncertainty matrix 
The last part of the workshop is about deciding what type of strategies that should be used to deal with the 
opportunities and threats. Several literature sources (PMBOK; Hillson, 2004) point out that there are at least 6 or 7 
strategies that could be chosen as a response to manage uncertainty, possible strategies are found in Table 1.   
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Table 1. Strategies for uncertainty management response - opportunities and threats 
Opportunities Threats 
Exploit Avoid 
Share Transfer 
Enhance Mitigate 
Accept 
When the strategy is chosen the action that is agreed upon should be specific in terms of who is responsible and 
when should the action take part and when should we control the effect.  
4.8. Follow up – review and reporting (Step 9) 
Dealing with uncertainty means implementing the chosen strategies in the project and deal with the 
opportunities and threats that project face in the next 2 to 6 months. We suggest that the project should follow up 
the uncertainty on a monthly basis. After one month the project management team should ask the following 10 
questions: 
1. Which of the opportunities and threats is not valuable any longer (delete them from the matrix)  
2. Which of the opportunities is still possible to take?  
3. Any new opportunities since the last update of the matrix? 
4. What is the possible value and likelihood of the new opportunities? (introduce them to the matrix) 
5. How should we deal with the new opportunities ?- Find new actions and assign responsibilities and agree 
the control date on the new opportunities  
6. Check of existing opportunities – has the action made them more likely or given them a new value? 
(change position in the uncertainty matrix) 
7. Any new threats since the last update of the matrix? 
8. What is the possible value and likelihood of the new threats? (introduce them to the matrix) 
9. Check of existing threats– has the action made them more likely or given them a new value (change 
position in the uncertainty matrix)  
10. How should we deal with the new threats? Find new actions and assign responsibilities and agree the 
control date on the new threats. 
The last part of the process is maintaining the focus list and the uncertainty matrix. After a second round of the 
process the revised uncertainty matrix can for example look like this, se Fig. 5. 
Fig. 5. Revised uncertainty matrix - one month later in the project 
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4.9. How should the changes in the matrix be interpreted? 
Opportunity A and threat 3 and 6 are no longer considered important. This may be because the project have 
checked them out in more detail and found out that it is not possible to take the opportunity. The project may also  
have made actions so that they consider threats 3 and 6 can't happen anymore. But on the other hand it can also 
mean that the effect has occurred and the project already has got the benefit or that the negative effect has taken 
place, it is no longer an uncertainty, it is a fact and the project knows they have to spend time or money on the 
event. New opportunities or threats, such as opportunity E and threats 9, 10 and 11, are introduced in the matrix for 
the first time, and these are illustrated with and different color to make clear for everyone which ones are new this 
month. Opportunity C and threat 4 has a changed status in the matrix. The project has carried out actions to reduce 
the uncertainty, and they now believe that status should be changed to a different position in the matrix. This 
means C and 4 are according to the project staff less likely to happen. If C pays out they can save more money, and 
if 4 occur they may lose less money.  
5. Discussion -from uncertainty analysis to uncertainty management 
We have in this paper presented a framework for projects that have high uncertainty over the project's life cycle. 
We suggest a framework for uncertainty management consisting of 2 steps for preparing the process, a 5 step 
group process for identifying, analysing and developing measures for exploiting or controlling the uncertainty and 
2 steps for follow up the uncertainty over the project life cycle. There are three elements of particular importance if 
a project wants to implement practical uncertainty management.  Human factor – is an important part of the 
Practical uncertainty management method. You need to involve the right people in the process and a cross 
functionality is very often a "must" for understanding and deal with uncertainty. If an organization has good 
methods and models for how to manage uncertainty, it will not work properly without key actors that know how to 
manage uncertainty in projects. The organization culture needs to have actors which believe in the processes. This 
means actors with competence, experience, and attitude towards uncertainty management. These actors are not just 
internal project workers, but also external stakeholders of the projects that need to be enrolled in the processes. 
Models and tools – The organization need an overall model for uncertainty management. It is also important that 
the organization is open regarding the processes. One need to think uncertainty in all of the projects phases Dealing 
with uncertainty must be an on-going process and it will have to have different focus over the project life cycle.  
The model has to include both operational uncertainty and contextual uncertainty. Method – or methods. Figure 3 
shows a framework for living uncertainty. It consists of 9 steps with different types of tools to assess and analyse 
uncertainty.  We believe that methods and models should be as simple as possible, it's the action that matters – A 
simple spreadsheets and flipchart is often enough for identifying, analyzing and dealing with the uncertainty in 
most projects. 
6. Conclusions  
A project will normally deal with different types of decisions with different type of uncertainty over the 
planning phase and execution phase. In the beginning the focus is on selecting the best concept and clarifying the 
project objectives. When this is sorted out the focus shifts to how to deliver the chosen concept according to 
specification or contract. This means that project members or project consultants that is hired to deal with 
uncertainty management in the project needs to understand where the project are in the execution process and 
focusing the process on the specific uncertainties that is relevant for next 3 to 6 months of the project execution 
period. We therefore propose that a project needs to deal with uncertainty in all phase and we believe that most 
projects need to deal with different types of uncertainty in the different phases of project. We suggest a 9 step 
framework for identifying, analyzing and follow up the project uncertainty – step 1 and 2 for preparing the process, 
step 3-7 is a group process (workshop) for identifying, analyzing and developing measures for exploiting or 
controlling the uncertainty and the final steps 8-9 for follow up the uncertainty over the project life cycle. The 
purpose with the processes is four divided: 
1. Establish and update the project objectives and key stakeholders that "owns the objectives" 
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2. Identify – evaluate and decide action on the opportunities   
3. Identify – evaluate and decide action on the threats  
4. Implement and follow-up the actions from the UA work shop.  
We suggest that the UA process needs to focus on uncertainty for the next 3 to 6 months ahead as well as the 
more overall uncertainty that is connected to the project objectives and benefit for the project owner (2th order 
consequences) and the society effects (3th order consequences) in this workshops. We suggest that follow up and 
reporting should be done every month and a more overall assessment of the uncertainty should be done at least 
once or twice per year. 
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